Introduction {#sec1}
============

Radical prostatectomy (RP) has been the primary treatment modality for localized prostate cancer and is considered the best option for improving patient survival compared with conservative management.[@bib1], [@bib2] However, RP is associated with a variable loss of urinary continence and erectile function (EF) postoperatively. With an increased rate of RP in young men, a greater emphasis must be placed on the appropriate management of urinary continence and erectile dysfunction (ED) to address patients\' quality of life. Recent advances in surgical anatomy and improvements in surgical techniques have yielded satisfactory urinary continence outcomes after RP. Further, the advent of pioneering nerve-sparing (NS) robot-assisted laparoscopic radical prostatectomy (RALP) has significantly increased the potency rate after RP.[@bib1], [@bib2], [@bib3] However, although NS-RALP is performed, a large number of patients still experience ED after surgery. After RP, the reported ED incidence rates vary from 30% to 87%.[@bib4], [@bib5] Although anatomic NS-RARP promises a high likelihood of postoperative recovery from ED, many men require more than 2 years to satisfactorily return to their baseline function, which can result in absent or decreased EF.[@bib6] Several penile rehabilitation (PR) programs have been introduced; however, most have achieved modest outcomes. After its advent in 1998, orally administered phosphodiesterase 5 inhibitors (PDE5-Is) have been increasingly used as the 1st-line management option for ED after RP. A recent literature review showed that PDE5-Is are safe and effective in treating patients with ED after RP. The administration of PDE5-Is once daily (OaD) has proved to have a protective role in ED, and early administration of PDE5-Is helps prevent cavernosal hypoxia, which leads to smooth muscle apoptosis and penile fibrosis.[@bib7], [@bib8], [@bib9], [@bib10], [@bib11] Although PDE5-Is are the most frequently recommended treatment for ED after RP, a consensus has not been reached on their use, such as time of initiation, treatment duration, or treatment regimen. Some investigators have recommended starting oral PDE5-Is immediately after an NS procedure to achieve optimal recovery of erections after 2 years, whereas others have reported compliance issues with the regimen, which can pose a significant barrier to an effective treatment. However, patients undergoing NS-RARP could represent a unique cohort who might be more motivated with higher expectations for recovery of potency.

Aims {#sec2}
====

This study analyzed the long-term clinical efficacy and safety of PR using tadalafil 5 mg OaD for more than 2 years in the treatment of patients with ED who underwent NS-RARP for clinically localized prostate cancer.

Methods {#sec3}
=======

We retrospectively evaluated the records of 95 patients who underwent NS-RARP by a single experienced surgeon for localized prostate cancer from March 2010 through December 2013. The standard NS-RALP techniques, including bladder neck preservation, interfascial NS, and posterior urethral reconstruction, were performed in all patients. Patients with localized prostate cancer with clinical stage no higher than T2, Gleason score lower than 8, serum prostate-specific antigen level lower than 20 ng/mL, and normal preoperative EF were included in the study. Preoperative EF was assessed by the 5-item International Index of Erectile Function (IIEF-5). We excluded patients who underwent non--NS-RALP and hormonal or radiation therapy and those who received any kind of preoperative ED treatment.

Of the 95 patients, 59 were prescribed with tadalafil and 36 patients were not. In the tadalafil group, all patients were prescribed with tadalafil at a dose of 5 mg OaD; tadalafil was taken 1 hour before bedtime. Oral tadalafil 5-mg OaD treatment was initiated soon after Foley catheter removal within 7 to 10 days after surgery.

The tadalafil group was further stratified based on duration of tadalafil intake: 2-year tadalafil group (group I) and 1-year tadalafil group (group II). Patients who were not prescribed tadalafil were designated as the non-tadalafil group (group III). In groups I and II, all patients were counseled on ED, tadalafil intake, and its side effects at each visit. All 3 groups were followed up for 2 years after surgery. Patient age, clinical stage, Gleason score, comorbidities, and drug side effects were retrospectively reviewed using medical records after receiving approval from the institutional review board. Postoperative EF was assessed through patients\' responses to the IIEF-5. Then, each group was classified by NS status: bilateral NS and unilateral NS procedures. Positive responders were those patients whose combined score for question 2 ("When you had erections with sexual stimulation, how often were your erections hard enough for penetration?") and question 3 ("During sexual intercourse, how often were you able to maintain your erection after you had penetrated your partner?") on the IIEF-5 was at least 8.

The IIEF-5 was administered before surgery and at 6 months, 1 year, and 2 years after surgery in all patient groups. Outcomes from the tadalafil group and the non-tadalafil group were compared and analyzed according to the NS status based on the patients\' IIEF-5 score. In the subgroup analysis, we routinely performed penile color duplex ultrasound (PCDU) using vasoactive intracavernosal injections (ICIs) 1 year after surgery in group I to evaluate the therapeutic responses to tadalafil 5-mg OaD treatment. ED was categorized as arteriogenic, venogenic, or unremarkable depending on the PCDU findings. Arteriogenic ED was defined as the difference in peak systolic velocities greater than 10 cm/s or no greater than 30 cm/s between the 2 cavernosal arteries, and venogenic ED was defined as end-diastolic velocities of the cavernosal artery greater than 5 cm/s. Unremarkable findings were defined as peak systolic velocities and end-diastolic velocities of the 2 cavernosal arteries showing a normal range and spectral waveform.

Categorical variables were presented as frequency and percentage and continuous variables were presented as mean and SD. The Pearson χ^2^ test or Fisher exact test was used for categorical variables and 1-way analysis of variance or the Kruskal-Wallis test was used for continuous numerical variables. 2-factor analysis of variance was used to test the difference between group and period, and then the Wilcoxon rank sum test or paired t-test was used to test the differences in IIEF-5 domains between time points. 1-way analysis of variance or the Kruskal-Wallis test also was used to test the differences in IIEF-5 domains between groups; Bonferroni correction was applied to determine the significant difference between the 2 groups. The Kaplan-Meier estimates of the cumulative incidence of each end point were conducted for the 2-year and 1-year tadalafil and non-tadalafil groups. The log-rank test was used to investigate the difference in the recovery of erection between groups. Statistical significance was set at an α value equal to 0.05, and all *P* values were 2-sided. Data manipulation and statistical analyses were conducted using SPSS 19.0 (IBM Corp, Armonk, NY, USA) and Medcalc 11.6.1.0 (Medcalc, Ostend, Belgium).

Results {#sec4}
=======

All 95 patients who were followed up for 2 years after surgery were included in the present study. Group I included 42 patients who were prescribed tadalafil 5-mg OaD treatment for 2 years after surgery, and group II included 17 patients who chose to stop taking tadalafil 5 mg OaD 1 year after surgery. Group III included 36 patients who were not on tadalafil 5-mg OaD treatment ([Figure 1](#fig1){ref-type="fig"}). The patients\' mean age was 67.9 ± 7 years, and their mean prostate-specific antigen level was 9.7 ± 7.3. The pathologic stage for all patients was T2 localized prostate cancer. There was no statistically significant difference in patient characteristics among the 3 groups ([Table 1](#tbl1){ref-type="table"}). Patients in groups I and III were subdivided according to NS status. In group I, 30 patients (71.4%) underwent the bilateral NS procedure and 12 patients (28.6%) underwent the unilateral NS procedure. In group III, the bilateral NS procedure was performed in 23 patients (63.9%) and the unilateral NS procedure was performed in 13 patients (36.1%).Figure 1Results of penile color duplex U/S with vasoactive intracavernosal injection analysis. ED = erectile dysfunction; IIEF-5 = 5-item International Index of Erectile Function; NS RALP = nerve-sparing robot-assisted laparoscopic radical prostatectomy; Tx = treatment; U/S = ultrasound.Table 1Baseline patient characteristicsVariablesOverallGroup IGroup IIGroup III*P* valueAll patients95 (100)42 (44.2)17 (17.9)36 (37.9)---Age (y) Mean ± SD67.9 ± 766.5 ± 7.668.7 ± 5.169.2 ± 7.479[∗](#tbl1fnlowast){ref-type="table-fn"} Median (range)69 (46--85)68 (46--77)69 (58--77)69.5 (58--85)Body mass index Mean ± SD24.4 ± 2.724.6 ± 2.923.4 ± 2.824.5 ± 2.3.390[∗](#tbl1fnlowast){ref-type="table-fn"} Median (range)24.4 (18.1--32)24.5 (19.7--31.1)24.1 (18.1--28.4)24.3 (20.1--32)Diabetes mellitus15 (15.8)10 (23.8)2 (11.8)3 (8.3).154[†](#tbl1fndagger){ref-type="table-fn"}Hypertension42 (44.2)20 (47.6)6 (35.3)16 (44.4).688[†](#tbl1fndagger){ref-type="table-fn"}Tuberculosis10 (10.5)7 (16.7)2 (11.8)1 (2.8).135[†](#tbl1fndagger){ref-type="table-fn"}Hepatitis4 (4.2)3 (7.1)0 (0.0)1 (2.8).401[†](#tbl1fndagger){ref-type="table-fn"}Prostate-specific antigen Mean ± SD9.7 ± 7.310.6 ± 8.510 ± 6.48.4 ± 5.9.685[∗](#tbl1fnlowast){ref-type="table-fn"} Median (range)7.6 (0.1--50.8)7.7 (3.5--50.8)7.7 (4.5--28.2)7.6 (0.1--35.3)Clinical stage T2a20 (21.1)13 (31.0)3 (17.6)4 (11.1).039[†](#tbl1fndagger){ref-type="table-fn"} T2b2 (2.1)2 (4.8)0 (0.0)0 (0.0) T2c73 (76.8)27 (64.3)14 (82.4)32 (88.9)Biopsy Gleason score sum 4--636 (37.9)10 (23.8)5 (29.4)21 (58.3).028[†](#tbl1fndagger){ref-type="table-fn"} 756 (58.9)30 (71.4)12 (70.6)14 (38.9) 82 (2.1)1 (2.4)0 (0.0)1 (2.8)Nerve sparing Unilateral33 (34.7)12 (28.6)8 (47.1)13 (36.1).392[†](#tbl1fndagger){ref-type="table-fn"} Bilateral62 (65.3)30 (71.4)9 (52.9)23 (63.9)[^1][^2]

33 patients (34.7%) had a positive response and could achieve a satisfactory erection; group I showed the best EF recovery. At 6 months, 1 year, and 2 years, the IIEF-5 total scores of groups I vs III were 10.3 ± 2.3 vs 7 ± 2.2, 13.8 ± 3.9 vs 8.5 ± 3.3, and 16.1 ± 4.3 vs 9.4 ± 3 (*P* = .000), respectively. Based on the duration of tadalafil 5-mg OaD treatment, statistically significant improvements (*P* = .000) in EF were observed in group I for all 5 domains of the IIEF-5 score; group III showed only slight improvement in the IIEF-5 total score at 1-year and 2-year follow-ups ([Table 2](#tbl2){ref-type="table"}, [Figure 2](#fig2){ref-type="fig"}). When comparing group I with group II, 19 (45.2%) of the 42 patients in group I and 6 (35.3%) of the 17 patients in group II responded positively. However, there was no statistically significant difference in EF recovery at the 2-year follow-up between groups I and II (*P* = .063). Furthermore, when we analyzed groups based on NS status (bilateral vs unilateral), there was no statistically significant difference between the 2 groups at the 2-year follow-up. However, group I showed a better trend in EF improvement than group II ([Figure 2](#fig2){ref-type="fig"}). The improvement in group I was greater than that in group II (1--2 years = 2.3, *P* = .000, vs 1--2 years = 1.1, *P* = .024; [Table 2](#tbl2){ref-type="table"}).Figure 2Comparison of IIEF-5 total scores between nerve-sparing groups after nerve-sparing robot-assisted laparoscopic radical prostatectomy. IIEF-5 = 5-item International Index of Erectile Function.Table 2Mean IIEF-5 scores at baseline and 6-month, 1-year, and 2-year follow-upsIIEF-5 total score*P* value[∗](#tbl2fnlowast){ref-type="table-fn"}Preoperative baseline6 mo1 y2 y6 mo vs 1 y1 vs 2 yGroup I22.4 ± 1.7 (18--25)10.3 ± 2.3 (5--15)13.8 ± 3.9 (5--22)16.1 ± 4.3 (10--24).000.000Group II22.2 ± 1.6 (19--25)9.4 ± 2 (7--13)12.4 ± 2.8 (8--18)13.5 ± 2.5 (9--17).001.024Group III22.6 ± 2 (16--25)7 ± 2.2 (5--13)8.5 ± 3.3 (4--15)9.4 ± 3 (4--16).002.000*P* value[†](#tbl2fndagger){ref-type="table-fn"}0.4390.0000.0000.000 Group I vs II[‡](#tbl2fnddagger){ref-type="table-fn"}0.3450.1520.0970.063 Group I vs III[‡](#tbl2fnddagger){ref-type="table-fn"}0.2370.0000.0000.000[^3][^4][^5][^6]

42 patients in group I underwent PCDU with a vasoactive ICI. Arteriogenic and venogenic cases of ED were observed in 20 patients (47.6%) and 7 patients (16.6%), respectively. 15 patients (35.7%) showed unremarkable findings. Patients with venogenic ED had poor responses to tadalafil 5-mg OaD treatment (14.2%). However, those with arteriogenic ED or unremarkable findings had significantly improved EF with tadalafil 5-mg OaD treatment (55% and 53.3%; [Table 3](#tbl3){ref-type="table"}).Table 3Results of PCDU with vasoactive intracavernosal injection analysisPCDUPatients, n (%)Positive response, n (%)Total42 (100)19 (42.2)Arteriogenic20 (47.6)11 (55.0)Venogenic7 (16.6)1 (14.2)Unremarkable15 (35.7)8 (53.3)[^7]

There was no serious treatment-related adverse event in this study. The total complication rate was 19%, and the most common side effects were flushing (9.5%, n = 4), headache (7.1%, n = 3), and dizziness (2.3%, n = 1). All side effects were controlled using conservative management ([Table 4](#tbl4){ref-type="table"}).Table 4Adverse eventsAdverse eventsPatients, n (%)Hot flushing4 (9.5)Headache3 (7.1)Dizziness1 (2.3)Backache0Indigestion0Total8 (19)

Discussion {#sec5}
==========

ED is one of the most common sequelae after RP. Recently, several pathophysiologic theories have been proposed for ED after RP, including nerve and vascular injuries.[@bib12], [@bib13], [@bib14] The most reliable pathophysiology of ED after RP is that of neurapraxia, which leads to temporarily decreased oxygenation and subsequent structural changes in the penile tissue. During neurapraxia, the penile tissue is in a constant state of low oxygen supply, which can lead to smooth muscle apoptosis and fibrosis.[@bib15] This also is related to veno-occlusive dysfunction.[@bib16] PR was introduced to block this process. PR is defined as "the use of any drug or device after RP to maximize ED recovery."[@bib17] This PR concept was 1st introduced by Montorsi et al[@bib18] who showed in a small cohort of patients that the early postoperative intracavernous administration of alprostadil improved EF recovery rates after RP in 1997. Since then, numerous studies have reported that a PR program is useful in improving EF, particularly after NS-RP.[@bib14] However, there are several ongoing debates on the efficacy of PR in the recovery of postoperative EF. Furthermore, the ideal form or component of PR programs does not exist. According to the International Society for Sexual Medicine, 87% of urologists use some kind of PR and commonly use PDE5-Is.[@bib19] The current medical literature suggests that PDE5-Is are the 1st-line treatment modality for ED after RP. PDE5-Is are effective and easy to use with minimal side effects. As the 2ndline treatment, ICI or a vacuum erection device (VED) was recommended. Penile prostheses can be used as a last option for patients who do not respond to such treatments or for those who want a permanent solution.[@bib20]

In the REACTT study, the effect of tadalafil after RP was tested by comparing tadalafil 5 mg OaD, tadalafil 20 mg on demand, and placebo after NS-RP. At the end of the study, significant improvement was found only in the OaD tadalafil group. The investigators concluded that although tadalafil did not improve drug-unassisted EF recovery after RP, OaD treatment could protect against penile structural changes.[@bib21] Moncada et al[@bib22] reported that the administration of tadalafil OaD significantly shortened the time to EF recovery during a 9-month course of treatment. Conversely, a recent randomized trial evaluating patients who underwent bilateral NS-RARP failed to show statistically significant differences in patients receiving sildenafil OaD vs on demand at 13-month follow-up.[@bib23] However, these results are limited by the small number of patients evaluated (N = 100), the lack of a placebo group, and the relatively short follow-up period. In the present study, we treated patients with ED after NS-RALP with tadalafil 5 mg OaD more than 2 years after surgery. In a previous study, tadalafil 5-mg OaD treatment for patients with ED after NS-RALP was well tolerated at 1-year follow-up and significantly improved EF compared with treatment for the non-tadalafil group.[@bib24] Interestingly, EF continuously improved up to 2 years after surgery in the present study. Although group III showed gradual improvements in EF, such outcomes were significantly inferior to those of group I. Furthermore, when we compared groups I and II, there was no statistically significant difference (*P* = .266). However, group I showed a better trend toward clinical EF improvement. These clinical results showed more patients in group I had a superior response to PDE5-Is compared with group II (1--2 years = 2.3 vs 1.1; [Table 2](#tbl2){ref-type="table"}).

PCDU also was performed in group I to evaluate the penile vascular status of patients with tadalafil 5-mg OaD treatment. Although 55% of patients (11 of 20) with arteriogenic ED responded to tadalafil, only 1 patient (14.2%) with venogenic ED responded to treatment. These results suggest that arterial insufficiency is improved by PDE5-Is; however, in patients with venogenic ED, PDE5-Is were ineffective. Thus, if the patient does not respond to PDE-5Is over 1 year, PCDU should be considered to evaluate the vascular status of ED for an optimal treatment. For patients with venogenic ED, treatment modalities other than PDE5-Is alone might need to be considered.

ICIs showed positive results for EF recovery. Non-randomized studies have supported the efficacy of ICIs in the recovery of EF after surgery, even after initial administrations of sildenafil.[@bib25], [@bib26], [@bib27] However, when considering this approach, patient compliance and minimizing dropout rates are important.[@bib25] Yiou et al[@bib28] reported that up to 11% of patients who received ICIs of alprostadil 2.5 μg for ED discontinued treatment because the pain scores negatively affected the IIEF scores at 6-month follow-up. Thus, ICI is insufficient for clinicians to routinely recommend to patients as a treatment modality. However, ICI might be effective in patients who previously tried oral agents but did not respond and who have high compliance.[@bib29]

Another treatment modality is the use of VEDs for PR after RP. In a preclinical study, VED therapy was very effective for the preservation of endothelial and smooth muscle integrity by increasing arterial flow and supplying oxygen to the corpus cavernosum.[@bib30] Raina et al[@bib31] found that the early use of VED facilitated early recovery of EF. More recently, Basal et al[@bib32] assessed the recovery rates of EF among 4 groups: VEDs, PDE5-Is alone, VEDs and PDE5-Is, or placebo in patients after RARP. In the study, only patients with PDE5-Is alone and those with VEDs and PDE5-Is showed significant improvements. Thus, VED alone or in combination with PDE5-Is might represent a treatment option for PR in patients who have undergone NS-RP. Despite these findings, there is still no clinical evidence for supporting the efficacy of this approach.

There are several limitations of the present study, including the fact that it was a retrospective study with a relatively small sample and no placebo group. Furthermore, there was a selection bias. Apparently, the patients who were included in the tadalafil group usually had sexual partners and had stronger intentions of recovering from ED than patients in the non-tadalafil group. However, despite these limitations, the present study is the first long-term follow-up study that evaluated the efficacy and safety of tadalafil 5-mg OaD treatment in patients with ED after NS-RALP and showed continuous improvements in EF up to 2 years of follow-up. Further larger, multi-institutional prospective studies will help to establish PR by tadalafil 5-mg OaD treatment. This new information could be an important finding for physicians when counseling patients who are undergoing NS-RARP and interested in optimal EF recovery.

Conclusion {#sec6}
==========

In patients with ED after NS-RALP, tadalafil 5-mg OaD treatment was well tolerated and significantly improved EF up to 2 years after surgery compared with treatment in patients in the non-tadalafil group. However, the effect of tadalafil 5-mg OaD treatment on EF recovery in patients with venogenic ED was relatively limited compared with that in the patients with arteriogenic ED in group I.
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[^1]: By Kruskal-Wallis test.

[^2]: By χ^2^ test.

[^3]: IIEF-5 = 5-item International Index of Erectile Function.
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[^7]: PCDU = penile color duplex ultrasound.
